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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S330goal of this study was to evaluate changes in meniscal T1r and T2
quantiﬁcation in patients with acute ACL injuries and to determine
correlations of these changes to MR clinical grading and patient-
reported outcomes.
Methods: Seventeen control subjects (age¼ 31.0 4.6 years; 6 females)
and 45 patients with acute ACL injuries (age ¼ 30.0  8.2 years; 20
females) were scanned using a 3T MR scanner. Injured patients were
scanned post-injury and prior to ACL reconstruction. On the day of MR
scan, patients completed the Knee Injury and Osteoarthritis Outcome
Score (KOOS), a validated self-assessed questionnaire with ﬁve cate-
gories: pain, other symptoms, function in sport and recreation, function
in daily living (ADL), and knee-related quality of life (QOL). Imaging
protocol included sagittal T2-weighted 3D fast spin-echo images (CUBE)
and sagittal 3D T1r and T2 quantiﬁcation sequences. Modiﬁed whole-
organ magnetic resonance imaging scores (WORMS) were determined
using CUBE images. Menisci were segmented semi-automatically using
CUBE images into four sub-compartments: anterior horn of the lateral/
medial meniscus (AHLAT/AHMED) and the posterior horn of the lateral/
medial meniscus (PHLAT/PHMED). These regions of interest (ROI) were
overlaid onto T1r and T2 maps, and mean T1r and T2 values were
calculated for each ROI. Paired T-tests were performed when comparing
injured knees to contralateral (contra) knees; unpaired T-tests were
performed when comparing injured knees to the control group; and
Spearman correlation coefﬁcients were calculated between meniscal
T1r/T2 values and WORMS/KOOS.
Results:Mean T2 values were signiﬁcantly higher in ACL-injured knees
compared to control group knees in all four sub-compartments (AHLAT,
PHLAT, AHMED, and PHMED (all P < 0.05)) and were especially higher
in the PHLAT (P¼ 0.0004). T2 values were also signiﬁcantly higher in all
four sub-compartments of ACL-injured knees compared to contra knees
(all P< 0.05). Mean T1r values of the PHLATwere signiﬁcantly higher in
ACL-injured knees compared to contra knees (P ¼ 0.03), but did not
reach signiﬁcance in comparison to control group knees (P ¼ 0.08).
ACL-injured knees without meniscal tears (WORMS ¼ 0 or 1) had sig-
niﬁcantly higher T2 values compared to control group knees in the
AHLAT, AHMED (P < 0.05), and especially in the PHLAT (P ¼ 0.004) (see
Figure 1). ACL-injured knees without meniscal tears also had sig-
niﬁcantly higher T2 values compared to contra knees in the AHLAT and
AHMED (P < 0.05). However, no signiﬁcant difference was found in T1r
values when comparing ACL-injured knees without meniscal tears to
both the control group and contra knees.
There was a signiﬁcant positive correlation between meniscal WORMS
and T1r/T2 mean values of ACL-injured knees in both the PHLAT and
PHMED (all P < 0.001).
Signiﬁcant negative correlations were found between KOOS and T2 (P<
0.05) in the PHLAT for pain, symptoms, and ADL (r¼ -0.38, -0.48, -0.46).
Conclusions: This study found that acute ACL injuries lead to increased
T1r and T2 values in the meniscus, with increases in T2 values being
more signiﬁcant. We observed a particularly signiﬁcant association
between meniscal damage and elevated T1r and T2 measurements in
the PHLAT. Interestingly, signiﬁcantly elevated T2 values were also
found in ACL-injured knees without meniscal tears compared to con-
trols, indicating that quantitative MR imaging is more sensitive thanclinical imaging in detecting composition damage in the meniscus. We
also observed that T1r and T2 values increase with the severity of
meniscal damage (increased WORMS) in acute ACL injuries. Correlation
between T2 values and KOOS suggest a notable relationship between
meniscal damage and patient outcomes after acute injuries. Application
of quantitative MR imaging can thus be valuable in evaluating meniscal
condition of ACL-injured knees. We are currently following up on these
patients to evaluate the longitudinal composition changes of meniscus
after ACL injury and reconstruction.
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Purpose: Although anterior cruciate ligament reconstruction (ACLR)
effectively restores anterior knee stability and improves functional
capacity, several studies have failed to identify any osteoarthritis
(OA) prevention-related advantages, at both the tibiofemoral (TFJ)
and/or patellofemoral (PFJ) joints, of surgical reconstruction com-
pared to conservative management. Moreover, severe meniscal
injury, frequently occurring at the time of ACL injury, often requires
meniscectomy, which unfortunately has adverse effects on the
mechanics of the TFJ that can increase the likelihood and severity of
TFJ OA in the years following ACLR. It is important to identify early
cartilage morphological changes following ACLR and meniscectomy
so that OA prevention strategies can be implemented. The aim of
this study was to examine cartilage morphology at 2 years after
ACLR with or without combined partial meniscectomy compared
with healthy controls using semi-quantitative and quantitative
magnetic resonance imaging (MRI).
Methods: MRI was performed on the knees of 130 subjects aged
between 18 to 40 years old using T1-weighted 3D gradient recall
acquisition. Three groups included 79 patients with isolated ACLR, 21
patients with combined ACLR and partial meniscectomy and, 30 healthy
controls. The ACLR was performed with a standard single-bundle
transtibial technique using hamstring autograft. Cartilage defects were
assessed usingmodiﬁed Outerbridge scores in ﬁve regions (medial tibia,
medial femoral condyle, lateral tibia, lateral femoral condyle and
patella), and cartilage volume was measured in three regions (medial
tibia, lateral tibia and patella) using validated methods.
Results: The three cohorts had similar age and gender proﬁles, with the
exception of BMI, where the combined group had signiﬁcantly higher
BMI and were heavier than the isolated ACLR and control groups. Car-
tilage defects (grade  2) across the knee were more prevalent in the
isolated ACLR group (30.1%) and combined group (51.4%) than in con-
trols (3.3%). The prevalence of cartilage defects was higher in the lateral
TFJ for both isolated ACLR (lateral femoral condyle: Odds ratio [OR] ¼
136.3, 95% conﬁdence interval [CI] 15.2 - 1220.1; lateral tibia: OR ¼ 4.1,
95% CI 1.01 - 16.5) and combined group (lateral tibia condyle: OR ¼
348.6, 95% CI 28.9 - 4199.1; lateral tibia: OR ¼ 5.6, 95% CI 1.02 - 30.5)
than controls. Additionally, the combined group showed a higher
prevalence of patella cartilage defects compared with controls (OR ¼
31.1, 95% CI 2.6 - 375.2). There was no difference in the prevalence of
cartilage defects between the two surgical groups. Cartilage volumewas
signiﬁcantly less in the isolated ACLR group (medial tibia: 19.0%, p <
0.001; lateral tibia: 14.3%, p ¼ 0.001; patella: 14.4%, p ¼ 0.001) and
combined group (medial tibia: 26.4%, p < 0.001; lateral tibia: 16.4%, p ¼
0.003) compared with controls. Comparing cartilage volume between
the surgical groups, the combined group showed signiﬁcantly less
cartilage volume than isolated ACLR in the medial tibia (10.0%, p ¼
0.022), but not at other cartilage regions.
Conclusions: Cartilage morphology, as reﬂected in cartilage defects and
volume, of ACLR patients with and without meniscectomy at 2 years
following surgery was signiﬁcantly inferior compared with healthy
controls. Furthermore, concomitant meniscectomy was associated with
a higher level of cartilage degeneration than isolated ACLR. Our ﬁndings
clarify early changes in cartilage morphology following a common
surgical procedure performed on young, physically active individuals.
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further clarify progressive cartilage loss.Table 1
Prevalence of cartilage defects in isolated ACLR and combined groups compared
with controls
Groups Odds Ratios (95% CI) p
Lateral tibia
Controls 1.0
ACLR 4.1 (1.01 - 16.5) 0.047*
Combined 5.6 (1.02 - 30.5) 0.046*
Lateral femoral condyle
Controls 1.0
ACLR 136.3 (15.2 - 1220.1) <0.001*
Combined 348.6 (28.9 - 4199.1) <0.001*
Patella
Controls 1.0
ACLR 7.2 (0.8 - 63.1) 0.075
Combined 31.1 (2.6 - 375.2) 0.007*
Cartilage defects were adjusted for bone size, age, gender, BMI and MRI scanner
used. *Signiﬁcant difference (p < 0.05). No cartilage defect was found in the
control group at the medial tibia and medial femoral condyle.Figure 1. Normalized cartilage volume in three groups. * Signiﬁcant dif-
ference between the given surgical group and controls. # Signiﬁcant dif-
ference between two surgical groups (p < 0.05). Cartilage volume (mm3)
was normalized by dividing by subchondral bone area (mm2) to the
power 1.5 for dimensional consistency (mm3/mm3), and then data were
adjusted for age, gender, BMI and MRI scanner used.
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Purpose: Obesity and knee OA are among the most frequent chronic
conditions in elderly people. Mechanical factors, i.e. increased body
weight and mechanical loading, fail to fully explain the relationship
between obesity and OA. Recently, pro-inﬂammatory mediators (adi-
pokines) have been identiﬁed, which are secreted by adipose tissue, and
promote articular tissue degradation increase by release of metallo-
proteinases and growth factors. Two recent studies suggested that thigh
intermuscular fat area (IMF) increases with age, and that thigh IMF was
more strongly associated with physical knee function than radiographic
knee OA status, quadriceps area, and BMI. Here we explore the cross
sectional and longitudinal relationship of thigh adipose tissue,speciﬁcally IMF and subcutaneous fat (SCF) area with knee pain,
radiographic OA status, and structural progression.
Methods: Participants were drawn from the Osteoarthritis Initiative
(OAI), an ongoing, multi-center longitudinal cohort study, including
4,796 participants (aged 45-79yrs) with (risk of) symptomatic knee OA.
We selected three cohorts to perform between-knee within-person
comparisons: a) 48 subjects (31w, 17m) with unilateral frequent knee
pain and no pain contra-laterally, but with the same bilateral radio-
graphic OA status (KLG 2 or 3); b) 55 subjects (29w, 26m) with uni-
lateral early OA (deﬁnite osteophytes) and no radiographic OA contra-
laterally (but without joint space narrowing [JSN] in either knee); c) 44
subjects (31w,13m) with unilateral deﬁnitemedial JSN but no JSN in the
contra-lateral knee, and with frequent pain in both knees. Finally, we
compared 23 subjects (16w, 7m) with longitudinal cartilage thickness
loss in MRI over 1-year and radiographic joint space width (JSW) loss
(i.e. progressors) vs. control subjects without structural progressions in
either method (matched by sex, KLG, age, height, BMI and WOMAC
pain). Using baseline MR images at 33% femoral length (distal to
proximal), thigh muscles of the above participants were segmented
manually. A semi-automated algorithm was the used to determine
subcutaneous fat area (SCF) inter-muscular tissue area (IMT), inter-
muscular fat area (IMF), and femoral bone area (all in cm2). In cohorts
b-d, 2-year follow-up images were also analyzed. Differences between
knees (or matched controls), and between baseline and follow-up were
explored using paired t-tests.
Results:Women had approx. 30% smaller femoral areas (FA) than men,
similar absolute IMF, and >2x the absolute SCF than men. When nor-
malized to FA, women had approx. 1.5x the IMF, and >3x the SCF of
men. In women, frequently painful limbs had statistically signiﬁcant
greater IMT (þ4.4%; 95% CI þ0.7,þ8.2%, p¼0.03) and IMF areas (þ4.2%;
95% CI þ0.3,þ8.0%; p¼0.05) than contralateral painfree limbs with the
same KLG. No such differences were observed in men, and no differ-
ences in SCF in either women or men (Fig. 1). No signiﬁcant side dif-
ferences in IMT, IMF, or SCF were found between knees with early vs. no
radiographic OA, knees with vs. without medial JSN, or knees with and
without structural progression. In longitudinal analyses, IMF and SCF
area increased by 3.5%/4.8% in men, and by 0.1%/0.9% in women over 2
years. No signiﬁcant differences were noted between early vs. no OA,
and JSN vs. no-JSN knees. However, men with structural progression
appeared to have greater longitudinal increase in SCF (13.2% [95% CI 4.3,
22%]) than men without progression (-1.9% [95% CI -15, 11%]), and
women with progression greater increases in IMF (11.6% [95% CI -2.2,
26%]) than those without progression (1.5% [95% CI -7,10%]); however
these differences did not reach statistical signiﬁcance given the limited
sample size (p¼0.09 and 0.13, respectively).
Fig. 1. Mean (and 95% conﬁdence intervals [CI] of) side differences in
inter-muscular fat area (IMF) and subcutaneous fat area (SCF) in painful
vs. contralateral painless knees in women and men.
Conclusions: Between-knee, within person comparisons do not reveal
that radiographic OA status is associated with cross-sectional or lon-
gitudinal side-differences in subcutaneous (SCF) or intermuscular fat
(IMF) tissue mass. However, in women, painful knees appear to have
signiﬁcantly greater inter-muscular fat (IMF) than contra-lateral pain-
free knees, and structural progression (i.e. cartilage loss) may be asso-
ciated with greater longitudinal increases of SCF in men, and of IMF in
women.
